INTRODUCTION
'Rang Chuet' is the Thai vernacular name of several medicinal plants belonging to different families. The best known and most commonly used species, Thunbergia laurifolia Lindl., is a woody climbing plant of the Acanthaceae family. In a number of previous studies, T. laurifolia was observed to have detoxifying effects against insecticides, ethyl alcohol, and metallic poisons as well as in the treatment of drug addiction [1] [2] [3] [4] [5] [6] . This species has also been reported to have anti-inflammatory, anti-diabetic, and antipyretic properties 7 . Crotalaria spectabilis Roth (Fabaceae) and Curcuma aff. amada Roxb. (Zingiberaceae) are also known as 'Rang Chuet'. The specific species name of the Curcuma aff. amada plant has not yet been assigned, however, it appears to have an affinity with Curcuma amada. The rhizome of Curcuma aff. amada contains white-coloured material, which differs from the yellow colour of turmeric (C. longa L.). Traditionally, the leaves and roots of Crotalaria spectabilis and the rhizomes of Curcuma aff. amada are used for detoxification and for their anti-inflammatory effects. However, neither species has been investigated for detoxification activity. Because the seeds and leaves of Crotalaria spectabilis have been reported to contain a pyrrolizidine alkaloid, which causes hepatotoxicity in humans and animals 8 , users of this species as a form of 'Rang Chuet' should be cautious.
Commercial products of 'Rang Chuet' in tea, capsule, and powder forms in herbal markets are claimed to have antidote, antipyretic, and anti-inflammatory effects. However, confusion has arisen because of the similarity in the vernacular names of the plants.
From our market survey, the scientific name of the plant identified in those products was inconsistent with the labelled illustration. Therefore, two tasks must be accomplished to address these problems and ensure the safety and efficacy of the herbal drug 'Rang Chuet': (1) the biological potencies of the herbal drugs must be clarified based on their medicinal uses; and (2) the herbal drugs derived from different plants must be distinguished from each other.
The antioxidant activities of T. laurifolia were previously demonstrated by Oonsivilai et al 9 , and some flavonoids and phenolic compounds were suggested to be the active components of this species. However, antioxidant activity and detoxification have never been evaluated in Crotalaria spectabilis and Curcuma aff. amada. In this study, two different antioxidant assays, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and the ferric reducing antioxidant power (FRAP) assay, were conducted, and the results were coupled with the determination of the total phenolic contents to verify the antioxidant activities of these species.
For a more reliable and comprehensive system of botanical characterization, conventional identification methods should be properly integrated with molecular techniques 10 . Conventional identification, including macroscopic and microscopic evaluation and chemical profiling of the botanical materials is generally suggested by regulatory guidelines and pharmacopoeias. Currently, TLC profiling, which provides the first characteristic fingerprints of herbs, is still used in various pharmacopoeias for the analysis of herbal medicines [11] [12] [13] [14] . DNA techniques have been adapted for the authentication of herbs in recent years 15 . PCR-RFLP is one of the most popular DNA-based techniques for species identification in biology, medicine, and food science 16 . The method was successfully used to differentiate Alisma orientale from Alisma species 17 and Bulbus fritillariae from its adulterants 18 and to identify species in anchovy pastes on the market 19 . The aim of the present study was to identify the antioxidant properties of the three 'Rang Chuet' species, including T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada. TLC chemical profiling and PCR-RFLP fingerprinting based on the matK gene were also used to identify the three species.
MATERIALS AND METHODS

Chemicals and equipment
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), 2,5,7,8-tetramethylchroman -2 -carboxylic acid (Trolox), FolinCiocalteu reagent, ascorbic acid, and catechin were purchased from Sigma-Aldrich (Missouri, USA). A UV-160A spectrophotometer (Shimadzu, Japan) was used for spectrophotometric measurements. A Victor3 microplate reader (Perkin Elmer, USA) was used for the DPPH assay.
The DNeasy Plant Mini Kit and Dream Taq polymerase were obtained from Qiagen (Hilden, Germany) and Fermentas (Ontario, Canada), respectively. The restriction enzymes DdeI and HaeIII were purchased from New England Biolabs (Massachusetts, USA). PCR was performed in a C1000 thermal cycler (Bio-Rad, USA) and documented with a Gel Doc XR + system (Bio-Rad, USA).
Plant materials and preparation of plant extracts
Details of the plants recognized as 'Rang Chuet' are shown in Table 1 . Dried leaves of T. laurifolia and Crotalaria spectabilis and dried rhizomes of Curcuma aff. amada were collected from various locations and identified by Associate Professor Chaiyo Chaichantipyuth, Ph.D. at the Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Thailand. Voucher specimens of the plant materials were preserved in the Museum of Natural Medicines at the Faculty of Pharmaceutical Sciences, Chulalongkorn University.
Samples of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada, with voucher no. SS-0809101, SS-0909401, and SS-0809601, were used for extraction and analysis. To prepare extracts, plants were ground into a powder with an electric blender. Then, the fine powder (20 g) of each species was independently extracted with 200 ml of either ethanol or distilled water. The ethanolic extracts were macerated at room temperature for 72 h, whereas the aqueous extracts were heated and stirred on a hotplate for 30 min 20 . Subsequently, each extract was filtered with Whatman No. 1 filter paper. The filtrates obtained from the ethanolic and aqueous extracts were individually dried by evaporation at 50°C or lyophilization, respectively.
DPPH radical scavenging activity
Radical scavenging activity was evaluated with a standard spectrophotometric assay with the DPPH radical in a 96-well microplate with modifications 21 . A 20-µl aliquot of the sample extract and 180 µl of a 0.1 mM methanolic DPPH solution were added to each well. The plate was covered with aluminium foil and incubated at room temperature for 30 min. The absorbance was measured at 510 nm against a solvent blank to estimate the radical scavenging capacity of each antioxidant sample. The free radical scavenging activities of the plant extracts were compared with ascorbic acid, which served as a positive control 22 . The scavenging capacity was reported as the effective concentration at which 50% of the DPPH radicals were scavenged (EC 50 value).
Ferric-reducing antioxidant power FRAP was measured according to the method developed by Benzie and Strain 23 . The FRAP working solution was prepared from 300 mM acetate buffer, pH 3.6 (3.1 g CH 3 COONa · 3 H 2 O and 16 ml of CH 3 COOH adjusted to 1000 ml with distilled water), 10 mM TPTZ solution in 40 mM HCl, and 20 mM FeCl 3 solution in a ratio of 10:1:1. The plant extract solution (2 mg/ml, 20 µl) was allowed to react with 600 µl of the FRAP working solution for 4 min at room temperature. The absorbance of the coloured product was then measured at 595 nm. A Trolox standard solution was used to prepare the calibration curves. The values are expressed as µM Trolox equivalents (TE) per g dry weight.
Total phenolic content
The total phenolic content (TPC) was analysed according to the method developed by Amarowicz et al 24 , with modifications. Five concentrations of catechin were prepared for use as standards. Each reaction mixture contained 20 µl of a standard catechin solution or 20 µl of a sample solution (2 mg/ml), 770 µl distilled water, and 60 µl Folin-Ciocalteu reagent. After 1 min but before 8 min, 200 µl of a saturated Na 2 CO 3 solution was added. The reagent blank was prepared by replacing the sample solution with 20 µl of the extracted solvent. After 2 h of reaction at ambient temperature, the absorbance of each reaction mixture was measured at 760 nm. The value of the total phenolic contents was expressed as catechin equivalents (CE) per g of dry weight. The values were determined from the linear equation based on the calibration curve of catechin.
TLC characterization
The plant extracts (0.2 mg) were applied to a silica gel TLC plate as 8-mm-wide bands. For the ethanolic extract, the plates were developed in chloroformmethanol-formic acid (7:3:0.5). For the aqueous extract, the bands were eluted with a solvent solution composed of ethyl acetate-formic acid-acetic acidwater (10:0.8:0.8:2.8). The chromatograms were evaluated under UV light at 254 and 365 nm to detect the target compounds. To detect flavonoid compounds, the TLC plate was also sprayed with a 1% AlCl 3 solution and monitored under UV light at 365 nm 25 . In the aqueous extracts, phenolic compounds were detected with 20% Na 2 CO 3 solution and Folin-Ciocalteu reagent 26 because no flavonoid compounds were detected in these extracts. The TLC bioautography assay of radical scavenging activity with the DPPH radical was also employed. The chromatogram was sprayed with a 0.5 mM methanolic solution of DPPH to detect antioxidant compounds.
DNA isolation and the PCR-RFLP method
A total of 100 mg of the plant samples was frozen and ground to obtain a fine powder. The total DNA was isolated with the DNeasy Plant Mini Kit (Qiagen, Germany) according to the manufacturer's protocol.
A pair of amplification primers, the matK-465F primer (5 -ACT AAT ACC CTA TCC TGT CCA T-3 ) and the matK-1483R primer (5 -CCA AAT ACC AAA TCC GWC CTC TA-3 ), was designed to amplify an approximately 1 kb fragment of the matK gene from T. laurifolia, Curcuma aff. amada, and Crotalaria spectabilis. The 50 µl reaction mixture was composed of 1X amplification buffer, 2.5 mM MgCl 2 , dNTPs (0.2 mM each), the two primers (0.5 µM each), 1.25 U Dream Taq Polymerase, and 20 ng of total DNA as the template. The PCR amplifications were performed with a DNA thermal cycler with the cycling conditions of a hot start at 95°C for 2 min; 40 cycles of 95°C for 30 s, 56°C for 45 s and 72°C for 2 min; and a final extension at 72°C for 5 min. A 5-µl sample of the resulting PCR product was subjected to electrophoresis on a 1.0% agarose gel, and the remaining sample was sequenced with the primers listed above. The determined nucleotide sequences were deposited in the DDBJ/EMBL/GenBank nucleotide sequence database (Table 1) .
RFLP patterns were analysed with the CLC Sequence Viewer software 27 . According to the preliminary computerized analysis, DdeI and HaeIII were selected as suitable candidate enzymes to identify the three species. A 10-µl aliquot of the PCR product was digested with DdeI and HaeIII for 5 h at 37°C in a total volume of 20 µl according to the manufacturer's protocol. The restriction products were examined by gel electrophoresis on 1.5% agarose gels and visualized by ethidium bromide staining with a gel documentation system.
RESULTS AND DISCUSSION
Confusing herb nomenclature is clearly a significant problem in the herbal markets of many countries 28, 29 . When one herb is used in place of another, the curative effects are not as expected. Similarly, the confusion caused from using the same common name 'Rang Chuet' for the three different herbs, T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada, in herbal drugs and herbal preparations is currently a problem in Thai herbal markets. Each of these three species is claimed to have detoxifying effects; however, there is insufficient information to prove whether they are, in fact, equally effective as herbal drugs. The identification of the plant materials is also necessary to assure the safe and effective use of the 'Rang Chuet' herbal drugs.
Antioxidant effects and phenolic content of plant extracts
Various detoxifying effects related with antioxidant properties of the medicinal plants have been reported. For instance, free radical scavenging activity was linked with gastroprotective properties from the butanolic fraction of Argyreia speciosa (L.f.) 30 . The hepatoprotective effects of Nelumbo nucifera Gaertn. seeds extract against carbon tetrachloride and aflatoxin B1 might results from its potent antioxidative properties 31 . Since several detoxifying effects of T. laurifolia extracts related with antioxidant properties including hepatoprotective properties 32 , neural protection against lead poisoning 5 , and antimutagen activity 33 have been recently reported, antioxidant assays of other 'Rang Chuet' plants were performed in this study.
Two assays, the DPPH radical scavenging assay and the FRAP assay, which are based on different reaction mechanisms, were employed to evaluate the antioxidant capacity of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada. In the DPPH analysis, the scavenging activities of the three species against the DPPH radical depended on concentration (Fig. 1) . As shown in Table 2 , the scavenging capacity of the ethanolic extract of Crotalaria spectabilis (EC 50 value = 26.6 ± 1.4 µg/ml) was notably higher than that of T. laurifolia (EC 50 value = 120 ± 13 µg/ml) or Curcuma aff. amada (EC 50 value > 150 µg/ml). The ability of the ethanolic extracts to reduce Fe 3+ to Fe 2+ was also highest for Crotalaria spectabilis (204 ± 38 µM TE/g). This is the first report of the radical scavenging activity and reducing power of an ethanolic extract of Crotalaria spectabilis, which represents a good source of a potential natural antioxidant. Of the aqueous extracts, T. laurifolia possessed both the highest DPPH scavenging activity (EC 50 value = 86 ± 4 µg/ml) and the highest ferric-reducing power (148 ± 8 µM TE/g). In addition, the aqueous extract of T. laurifolia exhibited greater antioxidant properties than its ethanolic counterpart, in agreement with an earlier report 9 . Those results support the traditional application of T. laurifolia as a herbal tea in a decoction with boiling water 34 . Phenolic compounds have been recognized as natural antioxidants in various plants 35 , including T. laurifolia 9 . In this study, the highest total phenolic content was found in the ethanolic extract of Crotalaria spectabilis (40.8 ± 1.1 mg/g), which possessed the highest antioxidant activity, followed by the aqueous and ethanolic portions of T. laurifolia, which included 35.8 ± 0.1 and 26.5 ± 0.1 mg CE/g, respectively. The antioxidant activities of the extracts appear to be influenced by the total phenolic levels. Several studies have revealed that the phenolic contents of these plants are associated with their antioxidant activities, most likely due to the redox properties of these compounds, which allow them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers 36 . According to the results, the antioxidant potencies of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada differ, implying that the substituted use of medicinal plants known as 'Rang Chuet' requires caution. However, more specific pharmacological activities related to traditional indications should be further investigated to better verify the biological functions and medicinal uses of these plants.
Chemical characterization by TLC
The characteristic chemical pattern indicated by TLC profiling is useful for the primary identification of plant materials. The TLC mobile phases for the crude extracts of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada were optimized empirically. The chemical profiles of the ethanolic extracts of the three species are shown in Fig. 2a and 2b . Flavonoids, which turn yellow under UV light at 365 nm after being sprayed with an AlCl 3 solution, were found in the ethanolic extracts of T. laurifolia and Crotalaria spectabilis at R f 0.05, and 0.17, respectively (Fig. 2a) . However, no flavonoid compound was detected in the ethanolic extract of Curcuma aff. amada. When the DPPH solution was applied to the ethanolic extracts of T. laurifolia and Crotalaria spectabilis, numerous bands were detected on the TLC plate (Fig. 2b) . These results indicate that the ethanolic extracts of T. laurifolia and Crotalaria spectabilis are rich in natural antioxidant compounds detected in the free radical scavenging assay. These results also agree well with the spectrophotometric analysis of antioxidant activity, which indicated the high antioxidant capacities of the ethanolic extracts of Crotalaria spectabilis and T. laurifolia.
Because flavonoid compounds were not detected in the aqueous extracts of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada, the components of the aqueous extracts were characterized based on the phenolic compounds. The bands that were visible on the developed TLC plate after the plate was sprayed with 20% Na 2 CO 3 and the Folin-Ciocalteu reagent were identified as phenolic compounds. As shown in Fig. 2c , the compounds were observed in the aqueous extracts of T. laurifolia and Crotalaria spectabilis. The characteristic bands of phenolic compounds were observed at R f 0.62 and 0.95 for T. laurifolia, whereas those of Crotalaria spectabilis were detected at different positions (R f 0.05 and 0.20). In contrast, phenolic compounds were not found in the extract of Curcuma aff. amada. The DPPH solution was also applied to the TLC plates on which the aqueous extracts were separated to detect radical scavengers. The DPPH-scavenger-active bands of T. laurifolia and Crotalaria spectabilis coincided with the phenolic compounds detected on the TLC plates (Fig. 2d). www.scienceasia.org These results suggest that these phenolic compounds may contribute to the antioxidant properties of the plants. On the basis of the chemical characteristics of these medicinal plants, TLC analysis should be one of methods used to rapidly characterize 'Rang Chuet' herbal drugs. The three medicinal plants, T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada, can be distinguished based on their flavonoid and phenolic constituents and their DPPH-scavenging profiles, which exhibited characteristic marks upon the development of the TLC plates of the ethanolic and aqueous extracts.
Development of the PCR-RFLP method for species differentiation
Although there are several identification methods available, no single method is sufficient to identify herbal drugs. Applying various methods in concert is necessary to conclusively confirm an identification or authentication 28 . A DNA-based technique is a supplementary method for this task. Herein, a convenient PCR-RFLP method based on the matK gene that would enable rapid and accurate identification was developed to differentiate between T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada. As indicated in many previous studies, the sequence of the chloroplast matK gene provides useful information to assist in the taxonomic classification and identification of the botanical origin of herbal drugs 37, 38 . The primer set matK-465F and matK-1483R was designed to amplify a short fragment of the matK gene because the DNA extracted from the crude drug sample was generally degraded, thus making the amplification of a long PCR fragment difficult 39 . The PCR product of each species exhibited a single band in the electrophoresis profile, corresponding to a fragment size of approximately 1 kb.
Based on the alignment of the products, polymorphic nucleotides were observed at various sites of the matK products of the three species, permitting the differentiation of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada with the restriction enzymes DdeI and HaeIII, which can recognize and cleave the sequences CˆTXAG and GGˆCC, respectively. The locations of the restriction sites recognized by DdeI and HaeIII differed among the three sequences of T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada (Fig. 3) , yielding different fragment sizes that can be observed by gel electrophoresis (Fig. 4) . DdeI cleaved the 1046-bp fragment of T. laurifolia that was amplified by matK-465F and matK-1483R into 934-and 112-bp fragments. The Curcuma aff. amada sequence includes one restriction site for DdeI at position 687, and fragments of 627 bp and 407 bp were observed after digestion. For Crotalaria spectabilis, the 1037-bp PCR product was cleaved into 230-bp and 807-bp fragments by DdeI. There is one restriction site specific to HaeIII in the sequence www.scienceasia.org . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | of T. laurifolia, resulting in the cleavage of the PCR product into two fragments of 433 bp and 613 bp in length. HaeIII can digest the 1034-bp matK fragment of Curcuma aff. amada into 872-bp and 162-bp fragments, whereas there is no HaeIII restriction site in the Crotalaria spectabilis sequence. The different fragment sizes observed via gel electrophoresis after digestion with DdeI and HaeIII represent a good diagnostic tool to differentiate between T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada.
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CONCLUSIONS
Confusion regarding 'Rang Chuet' herbal drugs has arisen in Thai herbal markets because of similar nomenclature. T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada are all known by the same local name. However, these plants exhibit different antioxidant effects, as demonstrated by DPPH and FRAP assays. High antioxidant capacities were observed in T. laurifolia and Crotalaria spectabilis that may be influenced by the presence of phenolic components in the extracts. Because herbal drugs are often processed into powders during preparation, species identification based on histological characteristics may not be applicable. Chemical profiling and DNA analysis were used in tandem to identify the plant materials. The TLC results indicated that these different species can be identified based on the flavonoid and phenolic constituents of the ethanolic and aqueous extracts, respectively. Development of the TLC plates with the DPPH radical permitted the detection of radicalscavenging compounds in T. laurifolia and Crotalaria spectabilis. The PCR-RFLP technique has potential for identifying species present in 'Rang Chuet' herbal drugs. After digestion with specific restriction enzymes, T. laurifolia, Crotalaria spectabilis, and Curcuma aff. amada were easily distinguished based on the different sizes of the digested fragments. The use of both TLC and PCR-RFLP analyses permits the identification of species via the comparison of unknown samples with standard patterns.
